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Abstract: Molecular techniques are used today in many areas and have increased the confidence level of studies. The
aim of the study was to compare the classical morphological characters of coccoid green algae under field and culture
conditions by using modern molecular analysis. To achieve this aim, we first isolated the coccoid green algae from
Liman and Cernek lakes. The morphological variations of green algae were observed under culture conditions and
the phylogenetic relationships of these strains were defined according to the 18S rRNA gene sequences. According to
sequence analysis, 2 of the isolated species had high similarity to Scenedesmus subspicatus (98%) and Desmodesmus sp.
(100%).
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Kızılırmak Deltası’ndaki göllerden izole edilen küresel yeşil alglerin morfolojik ve
18S rRNA analizi
Özet: Günümüzde moleküler teknikler pek çok alanda kullanılmakta ve yapılan çalışmaların güvenilirliğini
artırmaktadır. Araştırmanın genel amacı, küresel yeşil alglerin klasik morfolojik karakterlerini arazi ve kültür
şartları altında modern moleküler analizleri kullanarak karşılaştırmaktır. Bu amacı gerçekleştirebilmek için öncelikle
Liman ve Cernek göllerinden (Samsun, Türkiye) alınan küresel yeşil alglerin farklı klon kültürlerinin izolasyonu
gerçekleştirilmiştir. Kültür şartları altında yeşil alglerin morfolojik çeşitliliği gözlemlenerek, bu suşların 18S rRNA gen
dizilerine göre filogenetik ilişkileri belirlenmiştir. DNA dizi analizine göre 2 izolatın Scenedesmus subspicatus (98%) ve
Desmodesmus sp. (100%) türlerine çok benzeklik gösterdikleri tespit edilmiştir.
Anahtar sözcükler: Küresel yeşil algler, Scenedesmus subspicatus, moleküler analiz, Desmodesmus sp., dizi analizi

Introduction
Many microalgae possess few morphological
characteristics that are useful for species
characterization, and this leads to the possibility
of numerous cryptic species. Coccoid organisms,

often referred to as “little green balls” or “little
round green things” (1,2), are extremely difficult to
identify because of their small size (often <5 μm) and
simple morphologies. Molecular techniques allow an
assessment of the validity of the morphological species
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concept for common microalgae and, ultimately,
these techniques allow for niche partitioning and
distribution of these organisms. For many types of
microorganisms, the gene most commonly employed
for diversity studies is the small-subunit ribosomal
RNA gene (16S rRNA in prokaryotes and 18S rRNA
in eukaryotes) (2).
The species of coccoid algae are widely distributed
opportunistic organisms that are always present
in aquatic systems. They are important primary
producers in freshwater communities, but very little
is known about their diversity due to their extremely
small size and simple morphology, which makes
identification by light microscopy (LM) essentially
impossible. However, molecular techniques can be
used to differentiate the species and allow for reliable
identification of the species (3).
There are many differences between molecular
and ultrastructurally based classifications. Only 2
of the 5 classes established from ultrastructural data
(Chlorophyceae and Ulvophyceae) are recovered
with molecular data. Many of the taxa currently
included in Trebouxiophyceae would not have been
placed in this class on the basis of morphology (4).
Additionally, some coccoid Chlorophyceae members
placed in the genus Chlorella were transferred to
Scenedesmus according to 18S rRNA sequence
analysis (5,6). Sequence data have also provided
valuable insight into the phylogenetic placement of
taxa that were difficult to place based on morphology
because they contain characters representative of
more than one group (4).
Molecular techniques are now used in many areas
and have increased the confidence in studies in other
countries. Unfortunately, molecular techniques in the
field of freshwater phycology have not yet been used
in Turkey. In order to eliminate this gap, this study
offers the first 18S rRNA gene analysis of microscopic
freshwater algae in Turkey. We examined the diversity
and distribution of green-colored coccoid algae
present in the Kızılırmak Delta using 18S rRNA gene
analysis and LM. The aim of the study was to compare
classical morphological characters of coccoid green
algae under field and culture conditions by using
modern molecular analysis. To achieve this aim, we
isolated the coccoid green algae for the first time from
Liman and Cornek lakes. The morphological types of
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green algae were observed under culture conditions
in Turkey, and the 18S rRNA gene sequences of these
algae cultures were made in Germany at the Leibniz
Institute of Freshwater Ecology and Inland Fisheries.
We chose the 18S rRNA gene sequence analysis for
this initial study because it is the only gene with an
extensive data set for green algae.
Materials and methods
Water samples were collected from Liman and Cernek
lakes in the Kızılırmak Delta (Samsun, Turkey) in
February and March of 2006. Coccoid green algae
were isolated using microcapillaries. All strains were
grown in BG-11 on agar plates or in BG-11 aerated
suspensions at room temperature and under a
light-dark regime of 12:12 h. For illumination, cold
fluorescent lamps of about 100 μmol photons were
used.
Light microscopy and identification
LM was performed using an Olympus BX51
microscope. Digital images were acquired using
a Nikon E5000 digital camera. For LM analysis,
algae were grown in liquid cultures of BG-11 for
approximately 10 to 13 days. The number of cells
per coenobium, cell shape, and cell arrangement
were documented. Taxonomic identifications were
performed according to the methods of John et al. (7).
DNA extraction, PCR, and sequence analysis
Cultures of the isolated species were grown in Turkey
and then transferred to Germany for DNA extraction,
purification, and sequence analysis. DNA extraction
of 2 of the 4 isolated species (A, B) was performed
using cetyl trimethyl ammonium bromide (CTAB)
(8,9), and the others (C, D) were studied with a
Dynabeads DNA Direct System I (Deutsche Dynal,
Hamburg, Germany).
The CTAB buffer consisted of 1 M Tris, 5 M
NaCl, 10 g CTAB, and 0.5 M EDTA. Proteinases
K, chloroform isoamyl alcohol (CIA), β-mix, and
polyvinylpyrrolidone (PVP) were used in the isolation.
After DNA extraction using CTAB, the samples were
kept overnight in a refrigerator before 5 μL of the
DNA was run on test gel. As a result of the test gel in
1% agarose gel, 2 DNA products from the 2 species
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were obtained. The nuclear-encoded 18S rRNA genes
were amplified by polymerase chain reaction (PCR)
using primers published by Medlin et al. (10) and
Coleman et al. (11). The PCR program was run as
follows: 95 °C, 5 min; 94 °C, 45 s (denaturation); 55
°C, 30 s (annealing); 72 °C, 2 min (DNA synthesis,
elongation); repeated for 30 cycles; 72 °C, 10 min; and
4 °C hold.
Genomic DNA was extracted from small volumes
of 2 cultures (C, D) using Dynabeads DNA Direct
System I (Hamburg, Germany), following the
protocol for plant species. The nuclear-encoded 18S
rRNA genes were amplified by PCR using Readyto-Go PCR beads (Amersham Pharmacia Biotech,
Freiburg, Germany) and primers published by Medlin
et al. (10) and Coleman et al. (11). The PCR products
were purified using GFX columns (Amersham
Pharmacia Biotech). QIAquick PCR purification
kit protocol was used for purification. Buffer QG,
isopropanol, washing buffer, and buffer EB were used
in purification. The products were checked on 1%
agarose gel after purification.
The purified products were prepared for the
sequencing of 2 species (A, B). For each sequencing,
2 different quantities of DNA (3 and 4 μL) were used.
In the sequencing procedure, sequencing buffer,
bidistilled water, Big Dye, primers, and DNA were
used. The samples were sequenced according to the
following protocol: 96 °C, 1 min; 96 °C, 10 s; 50 °C,
10 s; 60 °C, 4 min; go to step 2 for 24 cycles; and 4 °C
hold. Before using this program 2 μL of SDS (2.2%)
was added to all tubes and vortexed for few seconds.
The tubes were then placed in a thermocycler and SDS
protocol (98 °C, 5 min; 25 °C, 10 min) was run. After
PCR amplification, sodium acetate and ethanol were
added step by step. The mixture was then centrifuged
at full speed, and ethanol was pipetted out. To each
tube, 10 μL of Hi-Di Formamide was added, and the
tubes were vortexed and sequenced on an ALF DNA
sequencer (Amersham Pharmacia Biotech) using
sequencing primers targeted to conserved regions
of the 18S rRNA genes. The sequence obtained
was compared with those from GenBank using the
BLAST program (12).

Results and discussion
LM was used so that morphological characters could
be compared and contrasted. As a result of this study, 2
isolates (B, D) from the lakes identified as Chlorellaceae
were characterized. The production of single cells
and cell arrangement lead to misidentification of
these species. According to Komarek and Fott (13),
the genus Scenedesmus is defined by flat coenobia of
2-32 cells arranged in 1 or 2 rows, cells of different
shapes, but always elongated, with cell poles from
acute to truncate/obtuse, cell walls that are either
smooth or possess different sculptures, with or without
spines. Unicells and some small 2-celled and 3-celled
coenobia were found in the cultures of Desmodesmus
sp. In the Scenedesmus subspicatus Chodat culture,
mostly unicells and colonies were observed. No wall
ornamentation was visible on these isolates using
LM. Cells of these isolates were coccoidal, ranging
from 7.5 to 10 μm in width and 5 to 10 μm in length.
The morphological descriptions of Scenedesmus
subspicatus and Desmodesmus sp. were quite different
from those observed while examining the cultures of
these species; they were described as long, ellipsoidal
to cylindrical, attached along two-thirds of the length,
and with 1-3 spines (7) (Figures 1 and 2). Due to its
morphological variability, Scenedesmus was first
described as Chlorella fusca Shihira et Krauss var. fusca
= Scenedesmus abundans (14-16). These descriptions
of the species were based on LM observations of
morphological characteristics, such as size and shape
of cells and the presence of wall ornamentation. In
the subgenus Desmodesmus single cell production is
common in the cultures of strains but is also found
in nature. In a single celled form it was misidentified
as a chlorella taxon (17). In these descriptions it was
generally assumed that morphology was a stable
feature. Nutrient concentrations, light intensity,
temperature, and the presence of herbivores all have
been shown to affect phenotype. Phenotypic plasticity
makes identification of species from field samples
very difficult (18). Molecular characteristics are useful
because they show a more uniform rate of evolution
than morphological characteristics (19). Therefore,
culturing and sequence analysis may be the easiest
method for species identification for this genus.
DNA extraction from 2 of the 4 isolated species (A,
B) was done by CTAB while the other 2 (C, D) were
examined with the Dynabeads. The nuclear-encoded
18S rRNA genes were amplified by PCR using primers.
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Figure 1. Light micrographs from the culture of Scenedesmus subspicatus Chodat (larger image on the left) (isolate D).

Figure 2. Light micrographs from the culture of Desmodesmus sp. (larger image on the left) (isolate B).

PCR products were purified and checked on agarose
gel after purification. Large products were obtained
on agarose gel electrophoresis. Purified samples were
then sequenced by an ALF DNA sequencer using
sequencing primers targeted at conserved regions of
the 18S rRNA genes. Although there was no problem
with the DNA isolation and purification of species A
250

and C, we were unable to obtain any result from the
multiple sequences of these species.
The 2 (B, D) 18S rRNA gene sequences were
subjected to a BLAST search (Tables 1 and 2)
and proved to have high affinities to Scenedesmus
subspicatus (98%) and Desmodesmus sp. (100%),
respectively (Table 3). The cultures of these species
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Table 1. Comparison of 18S rRNA gene sequences of isolate D and Scenedesmus subspicatus (strain UTEX 2532).

D

1

TCAGTTATAGTTTATTTGGTGGTACCTTCTTACTCGGAATAACCGTAAGAAAATTAGAGC

60

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Ss

93

TCAGTTATAGTTTATTTGGTGGTACCTTCTTACTCGGAATAACCGTAAGAAAATTAGAGC

152

D

61

TAATACGTGCGTAAATCCCGACTTCTGGAAGGGACGTATATATTAGATAAAAGGCCGACC

120

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Ss

153

TAATACGTGCGTAAATCCCGACTTCTGGAAGGGACGTATATATTAGATAAAAGGCCGACC

212

D

121

GGGCTCTGCCCGACCCGCGGTGAATCATGATATCTTCACGAAGCGCATGGCCTTGTGCCG

180

|||||||||||||||||||||||||||||||||||||||||||||| |||||||||||||
Ss

213

GGGCTCTGCCCGACCCGCGGTGAATCATGATATCTTCACGAAGCGCNTGGCCTTGTGCCG

272

D

181

GCGCTGTTCCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACCA

240

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Ss

273

GCGCTGTTCCATTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGAGGCCTACCA

332

D

241

TGGTGGTAACGGGTGACGGAGGATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGG

300

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Ss

333

TGGTGGTAACGGGTGACGGAGGATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGG

392

D

301

CTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGATACGGGGAGGTA

360

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Ss

393

CTACCACATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGATACGGGGAGGTA

452

D

361

GTGACAATAAATAACAATACCGGGCATTTCATGTCTGGTAATTGGAATGAGTACAATCTA

420

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Ss

453

GTGACAATAAATAACAATACCGGGCATTTCATGTCTGGTAATTGGAATGAGTACAATCTA

512

D

421

AATCCCTTAACGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCA

480

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Ss

513

AATCCCTTAACGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCA

572

D

481

GCTCCAATAGCGTATATTTAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGGATTTCGGGTG

540

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Ss

573

GCTCCAATAGCGTATATTTAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGGATTTCGGGTG

632

D

541

GGTTTCAGCGGTCCGCCTATGGTGAGTACTGCTGTGGC-T-TCCTTACTGTCGGGGGACC

598

|||||||||||||||||||||||||||||||||||||| | || |||||||||||| |||
Ss

633

GGTTTCAGCGGTCCGCCTATGGTGAGTACTGCTGTGGCCTATC-TTACTGTCGGGG-ACC

690

D

599

TGCTTCTGGGCTTCATTGTCCGGGACAGGGATTCGGCATGGTT--TTTGAGTAAAT--GA

654

|||||||||||||||||||||||||||||||||||||||||||

|||||||||||

||

Ss

691

TGCTTCTGGGCTTCATTGTCCGGGACAGGGATTCGGCATGGTTACTTTGAGTAAATTAGA

D

655

GTGTTCAAAGCAGGCTTAC-CCGTGAATA

750

682

||||||||||||||||||| |||||||||
Ss

751

GTGTTCAAAGCAGGCTTACGCCGTGAATA

779
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Table 2. Comparison 18S rRNA gene sequences of isolate B and Desmodesmus sp. F2 (Accession number: JF835992.1)

B

47

CTCCACGCCTGGTGGTGCCCTTCCGTCAATTCCTTTAAGTTTCAGCCTTGCGACCATACT

106

||| ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
D sp.

816

CTCAACGCCTGGTGGTGCCCTTCCGTCAATTCCTTTAAGTTTCAGCCTTGCGACCATACT

757

B

107

CCCCCCGGAACCCAAAAACTTTGATTTCTCTCAAGGTGCTGACGGAGTCATGCAAAAACG

166

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
D sp.

756

CCCCCCGGAACCCAAAAACTTTGATTTCTCTCAAGGTGCTGACGGAGTCATGCAAAAACG

697

B

167

TCCGCCAATCCCTAGTCGGCATCGTTTATGGTTGAGACTACGACGGTATCTAATCGTCTT

226

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
D sp.

696

TCCGCCAATCCCTAGTCGGCATCGTTTATGGTTGAGACTACGACGGTATCTAATCGTCTT

637

B

227

CGAGCCCCCAACTTTCGTTCTTGATTAATGAAAACATCCTTGGCAAATGCTTTCGCAGTA

286

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
D sp.

636

CGAGCCCCCAACTTTCGTTCTTGATTAATGAAAACATCCTTGGCAAATGCTTTCGCAGTA

577

B

287

GTTCGTCTTTCATAAATCCAAGAATTTCACCTCTGACAATGAAATACGAATGCCCCCGAC

346

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
D sp.

576

GTTCGTCTTTCATAAATCCAAGAATTTCACCTCTGACAATGAAATACGAATGCCCCCGAC

517

B

347

TGTTCCTCTTAATCATTACTCCACTCCTACAGGCCAACAGAATAGGGCAGAGTCCTATCA

406

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
D sp.

516

TGTTCCTCTTAATCATTACTCCACTCCTACAGGCCAACAGAATAGGGCAGAGTCCTATCA

457

B

407

TGTTATTCCATGCTAAAGTATTCACGGCGTAAGCCTGCTTTGAACACTCTAATTTACTCA

466

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
D sp.

456

TGTTATTCCATGCTAAAGTATTCACGGCGTAAGCCTGCTTTGAACACTCTAATTTACTCA

397

B

467

AAGTAACCATGCCGAATCCCTGTCCCGGACAATGAAGCCCAGAAGCAGGTCCCCGACAGT

526

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
D sp.

396

AAGTAACCATGCCGAATCCCTGTCCCGGACAATGAAGCCCAGAAGCAGGTCCCCGACAGT

337

B

527

AAGGAAGGCCACAGCAGTACTCACCATAGGCGGACCGCTGAAACCCACCCGAAATCCAAC

586

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
D sp.

336

AAGGAAGGCCACAGCAGTACTCACCATAGGCGGACCGCTGAAACCCACCCGAAATCCAAC

277

B

587

TACGAGCTTTTTAACTGCAACAACTTAAATATACGCTATTGGAGCTGGAATTACCGCGGC

646

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
D sp.

276

TACGAGCTTTTTAACTGCAACAACTTAAATATACGCTATTGGAGCTGGAATTACCGCGGC

217

B

647

TGCTGGCACCAGACTTGCCCTCCA-TGGATCCTCGTTAAGGGATT-AGATTGTACTCATT

704

|||||||||||||||||||||||| |||||||||||||||||||| ||||||||||||||
D sp.

216

TGCTGGCACCAGACTTGCCCTCCAATGGATCCTCGTTAAGGGATTTAGATTGTACTCATT

B

705

CCA-TTACCAGACATGAAA-GCCCGGTAT-GTTATT

737

||| ||||||||||||||| ||||||||| ||||||
D sp.

252

156

CCAATTACCAGACATGAAATGCCCGGTATTGTTATT

121

157
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Table 3. Similarity of algal isolates to identified species based on 18S rRNA gene sequence.
Isolates

D

B

Suggested identification from GenBank

18S rRNA % Similarity

Accession numbers

Scenedesmus subspicatus

98%

AJ249514.1

Scenedesmus communis

98%

X73995.1

Chlorophyta sp. JS-1

98%

HQ900842.1

Desmodesmus sp. F18

100%

JF835994.1

Desmodesmus sp. F2

98%

JF835992.1

Scenedesmid sp.

98%

EU250282.1

did not look as if they belonged to Scenedesmus and
Desmodesmus morphologically. For this reason,
molecular techniques should be used during the
identification of a species. Classical approaches
relying on morphological characters may not
adequately describe the type of the species with high
sensitivity. Molecular data provide more reliable
results and new insights to the phylogeny of algae.
Although the launch of molecular studies
were conducted on macroscopic algae Cystoseira
mediterranea and sea algae by DNA isolation
methods (20,21) in Turkey, these techniques were
first applied to Turkish microscopic freshwater algae
in this study. Our study should serve as a basic guide
to molecular biological investigations in the field of
phycology in Turkey.
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